This study aims to identify the factors determining the income of forestry household in 14 South Korea. We examine an empirical analysis using 3-year panel data conducted by the Korea 
Introduction

36
Forestry in South Korea is an industry based on the forest which covers 65% of the country's 37 land, playing significant roles in conserving biodiversity, maintaining the ecosystem, mitigating 38 climate change, managing the land, and supporting local livelihoods in South Korea. However, the 39 forestry industry is not significant contributing only 0.14 percent to the economy based on gross 127 Kemkes (2015) analyzed the impact of common pool forest resources on household income and 128 livelihood strategies in rural mountain villages under development pressure in Georgia.
129
Household capitals affecting household income
capital available from the Forestry Household Economy Survey is treated as physical capital in this 144 study.
As explanatory variables for financial capital, some studies used savings and loans at the same time [13, 14, 27, 33] , and others only loans [12, 19] . Cash income, borrowing, access to loans [15, 18] , net 147 income [14] , livestock value, non-farm business, and money lenders [27] were used. In this study, we 148 define financial capital as the immediate assets and liabilities corresponding respectively to savings 149 and loans.
size [14] , area of cropland [29] , and land claimed [13] . It is widely believed that the inputs required 152 for profit-maximization in the traditional forest production theory are land-based capitals. In studies 153 the production area of a specific product (brazil nut), the number of perennial plants 
Livelihood strategies affecting household income
158
Livelihood strategy is a way of making a living that is chosen based on a household's capacity 
172
livelihood strategy in this study. We further subdivide the part-time forestry business portfolio into 173 major part-time and minor part-time status by the proportion of forestry income relative to income 174 from other sources, specifically whether forestry income is more or less than other incomes.
175
Geographical location can be considered either as a natural asset or a livelihood strategy,
176
depending on the household's motivation to reside in a particular region. We view the region as a 
185
To sum up, the outcome of forest owner livelihood is generated and influenced by both the 186 household capitals and livelihood strategies. Therefore, we viewed household characteristics and livelihood strategies together as determinants of household income (Fig. 1) . 
Materials and Methods
Status of income of forestry household in South Korea
226
Reflecting the heterogeneity of the panel entity based on the selected variables, the random effect 
237
Second, in the balanced panel data, the number of forestry household is large while the number of 238 years is small, which may lead to loss of degrees of freedom if a fixed effects model is used. A
239
Hausman test is used to check if this problem is salient. Third, a random effects model estimates the 240 effects time-invariant dummy variables (e.g., gender of household head and forestry business 241 portfolio) in the given time, while a fixed effect model leaves out variables that are fixed over time.
242
To prevent any autocorrelation problem, we use generalized least squares (GLS) estimation to 243 make sure no correlation between explanatory variables and object property error terms. A Breusch-
244
Pagan Lagrange multiplier (LM) test and a Hausman test was used to confirming the use of the 245 stochastic effect.
246 247
249
Based on equation (1), it is a static analysis if α = 0 while it is dynamic if α ≠ 0. If x is 250 correlated with η , uncontrolled heteroskedasticity may be in error and need to be controlled.
251
In the processing of η , it can be classified into fixed effect and random effect using panel data.
252
While the fixed effect is preferred when it needs to control completely η , the random effect is 
284
and silviculture/logging (211, 7.2%).
285
In terms of the forestry business portfolios, full-time forestry owner means at least one member
286
of the family should be engaged in paid non-forestry work for more than 30 days in the year. Major 
Results of the random effects model
326
The results of the random effects model are summarized in Table 8 . Since the results of Breusch-
327
Pagan LM are statistically significant, we can confirm that the use of the random effect model is 328 appropriate. Hausman test is also fulfilled, and its significant level is larger than 0.05, which also 329 supports the appropriateness of a random effect model.
As for FHI, we found that the household head engaged in the landscape tree growing industry 331 has a higher income than the household heads engaged in the silviculture/logging industry. Different income among household heads running different types of business have also been evidenced by 
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Third, the determining factors of the level of forestry household's transfer income were household 409 head's education level, a human capital, and the forestry business portfolio, a livelihood strategy.
410
There was a tendency that household head with higher education can more easily access information 411 about the government subsidies for forestry. Also, the reason why part-time forestry households' 412 transfer income is higher than the full-time household is mainly due to the subsidies in the 413 agricultural sector.
414
The contribution of our efforts is anticipated as follows. 
